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ABSTRACT 
0 

Exposures o f  one-half  hour du ra t ion  a t  4400A were made on 103a-0 and 

The response 0 T r i - X  emulsions over a temperature range of  +20 C t o  - 7 7 O C .  

o f  t h e  103a-0 was e s s e n t i a l l y  una f fec t ed  by cool ing.  However, t he  s e n s i t i v i t y  

of  t h e  T r i - X  was s t r o n g l y  temperature dependent, and it showed a maximum 

response n e a r  a ba th  temperature o f  -56 C .  0 



INTRODUCTION 

I n  a previous s tudy  (Hol la rs ,  1970) a comparison of t h e  response of  Tr i -X  

and 103a-0 a t  44908 showed t h a t  103a-0 l o s t  s e n s i t i v i t y  as it was cooled 

while  Tr i -X showed a maximum response n e a r  -3OOC.  

exposures were s h o r t  (15 seconds) and t h e  l i g h t  l e v e l s  were r e l a t i v e l y  high,  

t hus ,  condi t ions  were not  t y p i c a l  f o r  astronomy. 

exposures have been more c lose ly  t o  those  used i n  as t ronomical  i n v e s t i g a t i o n s .  

A combination of  l i g h t  l e v e l  and exposure t i m e  was chosen t h a t  would allow 

the  r e c i p r o c i t y  adjustment of  103a-0 t o  be r e a d i l y  apparent .  

In  t h i s  e a r l y  s tudy ,  t he  

I n  t h i s  follow-up s-tudy 

EXPERIMENTAL PROCEDURE 

A quar tz - iod ide  lamp monitored t o  run a t  3.5 amps and 8.9 VDC was used 

as a l i g h t  source.  

fe rence  f i l t e r  of approximately 1008 bandpass. 

( c a l i b r a t e d  a t  4000a) was imaged on 35mm f i l m  f o r  each exposure. 

was exposed under vacuum condi t ions  and cooled by con tac t  with a cold p l a t e n .  

A complete d e s c r i p t i o n  of t h e  equipment has  been given by T i f f t  and Nobles 

(1969). 

Kavelength d i sc r imina t ion  was provided by a 4400a i n t e r -  

A t en - s t ep  photographic wedge 

The f i l m  

On each type  o f  emulsion, s i x  exposures were made covering t h e  temperature 

range from +2OoC t o  -77OC i n  roughly equal increments.  

con t inua l ly  c i r c u l a t e d  from a cold ba th  t o  the  f i l m  p l a t e n  and back t o  the  

ba th .  

thermometer. The s l i g h t  amount of hea t ing  of  t he  coolan t  f l u i d  during t r a n s f e r  

kept  our  lowest temperature  from reaching t h a t  of dry i c e  (-78.5OC) which 

was used t o  cool  t he  ba th .  

Coolant f l u i d  was 

The temperature  o f  t h e  coolant  ba th  was determined with an alcohol  
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Exposures a t  +2OoC and +Z0C were done a t  atmospheric p re s su re  s i n c e  

t h e  dew p o i n t  was low enough t o  prevent moisture from condensing on t h e  f i l m .  

Exposures a t  lower temperatures were done under a vacuum o f  approximately 60 . 
A t  each temperature an exposure was made on each emulsion. 

developed t o g e t h e r  i n  D-19 f o r  f i v e  minutes a t  68'F. 

103a-0 a t  +2OoC was used t o  v e r i f y  t h a t  t h e r e  was no systematic  change i n  t h e  

output o f  t h e  lamp. 

The p a i r  was then 

A f i n a l  exposure of 

RESULTS 

In Figure 1 w e  show t h e  c h a r a c t e r i s t i c  curves f o r  t h e  two emulsions. 

A l l  t he  curves f o r  103a-0 f e l l  within t h e  bounds o f  t h e  two dashed l i n e s .  

The sca t te r  i n  t h i s  region was not  sys t ema t i c  with temperature.  The same 

small s ca t t e r  should e x i s t  i n  t h e  T r i - X  curves,  b u t  it i s  n o t  apparent due 

t o  t h e  s t r o n g  temperature dependence. 

above background fog.  

i n  e i t h e r  emulsion. 

and s l i g h t l y  over 0 .31 a t  - 7 7 O C .  

a t  -77OC. Since t h e  sca t te r  was very small, t h i s  may i n d i c a t e  a tendency f o r  

fog t o  inc rease  as t h e  temperature i s  lowered. 

I n  these  curves we have p l o t t e d  dens i ty  

The fog l e v e l  was no t  s t r o n g l y  temperature dependent 

The fog f o r  t h e  T r i - X  was 0.30 dens i ty  u n i t s  a t  +2OoC 

The 103a-0 began a t  0.20 and reached 0.21 

The temperature dependence of t h e  s e n s i t i v i t y  is  shown more c l e a r l y  i n  

Figure 2 .  

above background fog i s  p l o t t e d  as a funct ion of  t h e  ba th  temperature.  

r e l a t i v e  exposure is  expressed as a p e r  cen t  t ransmission normalized s o  t h a t  

t h e  exposure on T r i - X  at  2OoC i s  100%. 

Here t h e  r e l a t i v e  exposure r equ i r ed  t o  produce a d e n s i t y  of 0 .6  

The 

Therefore ,  t h e  T r i - X  at  -56OC requ i r ed  

only 16.5% o f  t h e  exposure a t  2OoC t o  produce t h e  same response.  

however, t h a t  t h e  T r i - X  at  i t s  optimum temperature never  performs 

well as 103a-0. 
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I t  i s  obvious, 

q u i t e  as 



CON CLUS IONS 

These r e s u l t s  show t h a t  cool ing can l a r g e l y  remove r e c i p r o c i t y  f a i l u r e  

i n  Tr i -X  emulsion a t  44008 f o r  thir ty-minute  exposures. 

103a-0, which is  ad jus ted  f o r  r e c i p r o c i t y  f a i l u r e  during manufacture, shows 

no temperature dependence f o r  t h e  same condi t ions .  The optimum temperature 

f o r  the  T r i - X  appears t o  s h i f t  t o  lower values f o r  longer  and f a i n t e r  exposures.  

Addi t iona l ly ,  t h e  

In t h i s  study we were no t  d i r e c t l y  concerned about t h e  e f f e c t  o f  t h e  

vacuum on t h e  response of t h e  f i l m .  However, i n  Figure 1 w e  no t i ce  a r a t h e r  

l a rge  increase  i n  s e n s i t i v i t y  i n  the  t o e  o f  t h e  curves f o r  Tr i -X a t  -18OC 

and cooler  as compared t o  those a t  +20°C and +Z0C.  

i n  p a r t  be caused by t h e  evacuat ion.  

This could, t he re fo re ,  
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FIGURE 1 -- Charac ter i s t icscurves  f o r  Tri-X ( so l id  l i n e s )  and 103a-0 
(dashed l i n e s )  a t  various temperatures f o r  ~=4400A and 
t=30 min. 
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FIGURE 2 -- Relative exposure ( i n  % transmission normalized t o  Tri-X 
a t  20°C) needed t o  produce a densi ty  o f  0.6 above f o g  a s  
a function o f  bath temperature. 
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